HPLC-SEC with UV254, trytophane-like and tyrosine-like fluorescence detection was used to characterize onsite wastewater effluents from septic tanks. In total, 69 wastewater effluents, 15 of them greywater (GWE) and 54 blackwater effluents (BWE), were analysed for water quality indicators: BOD-7, DOC, COD, Total-N and TDP using conventional methods. The chromatograms showed well-separated three regions, referred to as chromatographic indicators (ChIs), which were tested as surrogates for the conventional indicators. The best surrogates for BOD-7 and DOC were found in region 3 of the tyrosine-like chromatograms. Data showed that Tyr-3, representing the sum of the tyrosine-like fractions from 8.25 min, could be used reliably to assess the BOD-7 and DOC of GWE and to approximate the BOD-7 of BWE. In addition, Tyr-3a, the fractions between 8.25 and 14 min, could be used to approximate the DOC of BWE. Furthermore, the strong correlation between COD and Tyr (all the tyrosine-type fractions) for GWE and between COD and UV254-3 for BWE allows reliable calculation of the COD of GWEs and its approximation of BWEs by linear regression. Total-N correlated weakly with tryptophan-like fractions. The use of ChI as surrogates for BOD-7, DOC and COD is an important finding that enables reliable and fast analysis without use of harmful chemicals.
Introduction
Septic tanks are worldwide the most common systems for treating household wastewaters produced in rural areas (Eveborn et al. 2012; Withers et al. 2012; Garcia et al. 2013) . The septic tank, a key purification unit for treating wastewater onsite, produces under anaerobic conditions a complex mixture of partially decomposed organic and inorganic compounds (Jenssen et al. 2010; Eveborn et al. 2012; O'Launaigh et al. 2012; Garcia et al. 2013) . Faulty design and lack of routine maintenance of septic systems cause the septic tank effluent to deteriorate and thereby add to health risks and cause eutrophication of the receiving water bodies (Almomani and Khraisheh 2016) . A rough estimation of an extended watershed dominated by agriculture showed that septic tank effluents contribute to as much as 14% of the total anthropogenic environmental phosphorous load (Tanik et al. 2013) .
To assess the environmental loadings of organic matter and nutrients from a septic tank, fast and reliable analytical methods are necessary to characterize its effluents (STE). The conventional quality indicators used to characterize dissolved organic matter (DOM), nitrogen and phosphorous in wastewater and wastewater effluent (WWE) are 7-day biochemical oxygen demand (BOD-7), chemical oxygen demand (COD) and dissolved organic carbon (DOC) for the organic matter content, total Kjeldahl nitrogen (TKN) and total dissolved phosphorous (TDP). These indicators are all 'gross' quality indicators (sum parameters) and provide no information on particular components of organic matter. They have also other drawbacks: BOD-7 analysis is time-consuming, lasts for 7 days, and Kjeldahl and COD methods use harmful chemicals. Therefore, alternative methods are needed to replace and/or complement these conventional methods 1 3 (Pasztor et al. 2009; Prasse et al. 2015) . As we assessed in our previous study (Szabo et al. 2016) , an alternative method could be aqueous, high performance, size exclusion liquid chromatography (HPLC-SEC) with multiple detection for quick information on the gross-and component organic matter content. HPLC-SEC is generally used to separate mixtures of organic compounds in water samples (biomolecules, natural organic matter) (Irvine 1997; Pelekani et al. 1999; Bouvier and Koza 2014) , but it can also simultaneously be used to measure nitrate concentration in groundwater (Szabo and Tuhkanen 2010) . So far, HPLC-SEC has been mainly applied to measuring the molecular weight (MW) of the fractions of organic matter mixtures, supposing a separation based solely on a size exclusion mechanism (Specht and Frimmel 2000; Figueruelo et al. 2004; Janoš and Zatrepálková 2007) . However, for complex organic mixtures, such as wastewater effluents, secondary interactions occur between solute molecules and column material (Ricker and Sandoval 1996; Irvine 1997; Pelekani et al. 1999; Bouvier and Koza 2014) , which interfere with correct measurements of MWs. Nevertheless, the HPLC-SEC method provides good separation and can, therefore, be used, especially with multiple detection, to characterize component organic matter: UV/VIS is suitable to detect aromatic groups present in 'humic-type' compounds and fluorescence to detect 'protein-type' compounds (Specht and Frimmel 2000; Her et al. 2003; Wu et al. 2016; Carstea et al. 2016; Szabo et al. 2016) .
To ensure good separation of organic fractions in a water sample, suitable eluent at proper concentration and pH must be used. Our previous research showed that Na-acetate eluent at concentrations of up to 0.03 M with neutral or slightly basic pH can efficiently separate DOM fractions in a complex wastewater sample (Szabo et al. 2016 ). According to our knowledge, the use of these fractions as surrogates of the conventional organic water quality indicators of complex water samples has not been studied before. The main 'drawback' of the method is that, because of secondary interactions, it does not provide reliable MW measurements of the fractions of complex wastewater.
The main objectives of this research were (1) to characterize the organic matter of septic tank effluents by HPLC-SEC with a multiple detection method and (2) to develop a rapid and reliable HPLC-SEC method to determine surrogates for water quality indicators, mainly BOD-7, COD, DOC and TKN.
Materials and methods

Wastewater effluent samples
In total, 69 STEs were analysed. Samples were taken from small-scale, onsite wastewater systems serving single households in villages in western and southern Finland. In 15 cases, the wastewater was greywater (consisting only of household washing water because the households have dry toilets and produce no wastewater for treatment). In the remaining 54 cases, the treated wastewater was blackwater (mixed wastewater) containing both washing waters and toilet waters including urine and faeces. Greywater (GWE) and blackwater effluent (BWE) samples were taken from the supernatant (just under the surface) from the last compartment (second or third) of the septic tank or from the distribution wells after the septic tank carefully to avoid the occasional solids floating on the surface. In 13 cases, the septic tank effluents were further purified on site in constructed filtration fields, and the filtrates were collected in a manhole from where our samples were taken. Samples were collected in 1-L polyethylene bottles and kept at 5 °C until analysed within 24 h for conventional quality indicators. Each site was sampled once. For HPLC analysis, samples were quickly frozen until analysed.
Methods
Chemical analyses
The TKN of the samples was measured according to the Kjeldahl method (SFS 5505), whereas total dissolved phosphorous (TDP) was determined spectrophotometrically (SFS 3026). The organic content of the samples was measured as BOD-7, DOC and COD. BOD-7 was measured using the OxiTop OC 100 WTW system with an accuracy of ± 1% of the measured value and ± 7% of the measuring range. The samples were not diluted, because the measuring range (500-1350 hPa) was not exceeded. To prevent nitrification, allylthioureaa (ATU) was added to each sample before they were incubated at 20 °C for 7 days. BOD-7 values were directly read from the instrument.
COD was determined according to the Finnish Standard SFS 5504, using Hach Lange LT 200 Dry Thermostat, UK, for digestion followed by titration according to the method specifications. DOC was measured as non-purgeable organic carbon with a TOC analyser, the SHIMADZU TOC-5000. Before DOC analysis, the samples were filtered through a 0.45-μm filter (Whatman).
HPLC-SEC analyses
HPLC-SEC analysis was done with a Hewlett-Packard HPLC 1100 system, using a TSK-GEL G3000SW 7.5 mm × 30 cm column (TOSOH Bioscience). Two detectors were used in tandem: a UV/VIS HP 1100 Series Diode Array Detector (detection wavelength 254 nm (UV254)) and an HP 1100 Series Fluorescence Detector with two excitation/emission wavelengths set for tryptophan-like detection (Ex/Em 270 nm/355 nm) and tyrosine-like detection (with 1 3
Ex/Em 270/310). The eluent used was 0.02 M Na-acetate with pH 7 and a flow rate of 1 mL/min. The sample injection volume was 20 µL with elution time set to 35 min. The conditions produced good global resolution for both GWE and BWE (Szabo et al. 2016) . Before analysis, the samples were filtered with a 0.45-μm filter (Whatman). For each sample injection, three chromatograms were obtained, integrated manually with their peak areas used to assess organic matter in the samples. The void volume of the column (4.6 min) was determined with Blue Dextrane (molecular weight MW = 10 6 Da, FLUKA, Switzerland), the permeation volume for UV-signals (11.6 min) was measured with acetone (MW = 58 Da), and the permeation volume for tryptophan-and tyrosine-like signals (12.4 min) was measured with tryptophan, as reported previously (Szabo et al. 2016 ). However, we did not calibrate the column to determine molecular weight, since secondary interactions strongly affect retention times and make molecular weight calculations irrelevant (Szabo et al. 2016) .
Statistical analyses
The goodness of fit to the normal distribution of data was tested with the one-sample Kolmogorov-Smirnov test. Since only 6 out of 23 examined parameters showed normal distribution, Spearman's rank correlation coefficient was used to evaluate the degree of association between the parameters. Statistical analysis was performed with the statistical program SPSS version 23 (IBM). Linear regression between correlating data was done with Excel 2016.
Results and discussion
Quality of septic tanks effluent
The mean, maximum and minimum values of the conventional quality indicators of onsite wastewater effluents are given in Table 1 . The values present great variety within BWE and within GWE samples, depending obviously on the number and customs of the septic tank users as well as the characteristics of the onsite system.
Our TKN (107.9 mg/L) and COD (661.9 mg/L) mean values for BWE are higher than those found in the literature (Corbett et al. 2002; Jenssen et al. 2010; O'Launaigh et al. 2012, respectively) . On the other hand, our results for TDP (11.3 mg/L) and BOD (269.7 mg/L) correspond with those reported in the literature (Corbett et al. 2002; Jenssen et al. 2010; O'Luanaigh et al. 2012) . As expected, a clear difference can be seen between the qualities of the two types of effluents. However, the mean GWE values measured in this study (Table 1) are higher than those reported earlier in one comparative study (Brandes 1978) , in which total phosphorus (TP) values of 1.4 mg/L and TKN values of 11.3 mg/L were measured in a GWE, values that were 10 times lower than the corresponding values in BWE. In our study, GWE mean values for all conventional indicators were lower than BWE means: GWE means are 24% of TDP-, 24% of TKN-, 66% of BOD-7-, 59% of COD-and 66% of DOC-BWE means (Table 1) . Because environmental loading depends also on the volume of the effluents discharged, high effluent concentrations do not necessarily mean high loading. In addition to effluent concentrations, correct assessment of the loading from septic effluents must take into account the number of persons using the septic system and their water consumption. The mean biodegradability of GWE and BWE assessed as BOD-7/COD was > 0.4 (0.41 for BWE and 0.46 for GWE), which indicates biodegradable effluents (Chamarro et al. 2001) , that is, effluents that will further degrade once released into the environment.
Sample analysis by HPLC-SEC
Quantitative analysis
Typical chromatograms of BWE and GWE are given in Fig. 1 . The chromatograms have several and different peaks with different types of detection and show diverse and numerous molecules. The chromatograms are complex because of numerous organic molecules and extracellular polymers excreted by viable cells in the wastewater, a finding that agrees with a previous study on extrapolymeric substances extracted from anaerobic sludge (Bahtia et al. 2013 ). We divided the chromatograms into three regions: region 1 of fractions eluted near a void volume of 4.5 mL, region 2 of fractions eluted between 5 min and 8.25 min, and region 3 of fractions eluted after 8.25 min. (Figure 1) . For BWE samples, region 3 fluorescence signals were divided into two additional sub-regions: region 3a of peaks between 8.25 min and 14 min and region 3b of peaks eluted after 14 min. (Figure 1) . The chromatograms were divided into the above three regions because region 1 peaks were distinct from region 2 peaks and were probably influenced by secondary, repulsive interactions (Ricker and Sandoval 1996; Pelekani et al. 1999; Bouvier and Koza 2014) . Region 2 peaks are regularly observed in natural waters, such as surface and ground waters, and are considered 'humic' compounds (Peuravuori and Pihlaja 1997; Szabo and Tuhkanen 2010) . Region 3 peaks are not observed in natural water samples but are seen in complex wastewater effluents, and their late elution is probably due to secondary attractive interactions within the column (Szabo et al. 2016 ). Sub-region 3b peaks (one or two peaks) were detected only by fluorescence detection in BWE, and by separating the peaks, we tried to determine their nature. The ChrInds are peak areas expressed in mAU*min of different regions of different detections. In this way, 13 'individual' ChrInds could be distinguished: UV254-1, UV254-2, UV254-3, Tryptophan-1 (Tryp-1), Tryp-2, Tryp-3, Tryp-3a, Tryp-3b, Tyrosine-1 (Tyr-1), Tyr-2, Tyr-3, Tyr-3a, Tyr-3b. In addition, three 'sum-ChrInds' were calculated by summing up all the peaks of the corresponding detection, respectively, UV254, Tryp and Tyr.
The minimum, maximum and mean values of the different ChrInds are given in Table 2 . As expected, GWE samples had lower ChrInd values than BWE samples. The mean values of GWE were from 8.4% (Tyr-1) to 62.9% (Tryp-2) of those of BWE values.
The data on BWE and GWE differ because of their different compositions (BWE contains additional faeces, urine and toilet paper), and as such are not directly comparable. Therefore, we calculated the Spearman rank correlation coefficients between ChrInd and conventional indicators separately for BWE and GWE (Table 3) . Table 3 shows that the organic matter indicators of the effluents (BOD-7, COD and DOC) correlate significantly with all ChrInds, except for GWE regions 1 and 2. Region 1 fractions were eluted near the void volume of 4.6 min and, according to SEC theory, were influenced by repulsive electrostatic interactions or had large molecular weight, around 10 6 Da (Irvine 1997; Ricker and Sandoval 1996; Pelekani et al. 1999; Specht and Frimmel 2000) . The conventional indicators and region 1 ChrInd for GWE correlated poorly because region 1 peaks were absent in 8 (53%) GWE samples but only in 5 (9%) BWE samples. Region 2 showed 'humic-type' fractions within the calibration range, which are naturally present in waters bodies, and are traditionally detected by UV254 (Peuravuori and Pihlaja 1997; Specht and Frimmel 2000; Szabo et al. 2008) . In our study, among the three detections used, UV254 was also the best in detecting region 2 peaks. UV254 region 2 fractions were present in all of the analysed WWE samples, whereas fluorescence detected mostly the lowest molecular weight fractions in region 2. Fractions eluted at around 7.6 min represent humic molecules, inorganic nitrate (Szabo and Tuhkanen 2010), and some organic molecules with tryptophan-like and tyrosine-like fluorophores (Fig. 1) .
For region 2, tyrosine signals were weaker than tryptophan signals, especially for GWE with 7 (47%) samples having no tyrosine fraction in this region. This explains the non-significant correlations between Tyr-2 and conventional organic indicators for GWE. For BWE region 2 ChrInd, UV254-2, Tryp-2 and Tyr-2 fractions correlated better with COD and DOC than with BOD because of the relatively poor biodegradability of the humic matter (Leenheer and Croué 2003; Marschner and Kalbitz 2003) .
Region 3 covered fractions UV254-3, Tryp-3, Tryp-3a, Tryp-3b, Tyr-3, Tyr-3a and Tyr-3b. These fractions, eluted after the permeation volume, are influenced, according to SEC theory, by secondary interactions: strong ionic or strong hydrophobic attraction between column material and fraction molecules (Irvine 1997; Ricker and Sandoval 1996; Pelekani et al. 1999; Specht and Frimmel 2000; Janoš and Zatrepálková 2007) . Correlating significantly and strongly with the conventional organic matter indicators (Table 3) , the fractions of region 3 are potentially the best surrogates for organic matter indicators.
BOD-7 and DOC correlate surprisingly strongly with Tryp-3, Tryp-3a, Tyr-3 and Tyr-3a fractions for both types of effluents, showing that these fractions comprise biodegradable compounds, which are also reliably measured by DOC. Similar results have been reported on tyrosine-and tryptophan-type components of the excitation-emission matrix of municipal wastewater, sampled at different purification phases and correlating best with DOC (Yu et al. 2014 ). The slightly stronger correlation coefficients of DOC over those of BOD-7 are possible because BOD-7 depends on the microbial diversity of the sample, which varies from sample to sample and affects BOD-7 values (Jouanneau et al. 2014) .
For BWE, COD showed a lower correlation coefficient for region 3 fractions Tryp-3 and Tyr-3 than BOD-7 and DOC and a consistent correlation with all the chromatographic fractions, probably because of oxidant consumption during COD measurement, which reduced inorganic compounds in the anaerobic effluents not detectable by HPLC-SEC. One such reducing component is the reduced form of N (NH 3 /NH 4 + ), which originates from urine (Udert et al. 2003) . For GWE, all BOD-7, COD, and DOC correlated strongly with region 3 fractions in all detections, showing that these effluents contain less reducing inorganic compounds than BWE effluents, which is obvious since greywater effluents contain no urine. TKN (Kjeldahl) correlated significantly with all ChrInds, except for one (UV254-1) for BWE. For GWE, there were only four significant correlations (Tryp, UV254-1, Tryp-1 and Tryp-3) ( Table 2 ). In general, TKN correlated better with tryptophan-like fractions (Tryp, , probably because the tryptophan molecule, a part of the compounds detected in tryptophan detection, contains two N atoms, whereas the tyrosine molecule contains only one N atom. The sum-ChrInd (UV254, Tryp and Tyr) correlated better than 'individual' ones, suggesting that N is present in all fractions. In addition, the uncertainties related to TKN measurements by the Kjeldahl method may contribute to relatively weak correlations.
TDP correlated significantly but weakly with all the ChrInd of BWE and insignificantly with any ChrInd of GWE (Table 3) , probably because of the low amount of TDP left in GWE (Table 1) . Interestingly, for BWE, TDP correlated most strongly with Tyr-3b, which represents the last two fractions eluted after 14 min for the BWE samples (Fig. 1a ). This suggests that these fractions contain most of the dissolved phosphorous left in BWE. Moreover, the interaction between the column material and these late eluted peaks may be strongly hydrophobic, as supported by a previous study, which found that most dissolved organic phosphorous belonged to the hydrophobic fraction of the organic matter dissolved in wastewater effluents (Qin et al. 2015) .
Linear regression
To assess the quantitative relationship between conventional indicators and ChrInd, linear regression was done on a particular conventional indicator and the corresponding ChrInd with which it correlated the strongest (Fig. 2, bold in Table 3 ).
Because regression showed high R 2 values for greywater effluent BOD-7-Tyr-3, DOC-Tyr-3 and COD-Tyr, the equations can be used to reliably assess BOD-7, DOC and COD values of greywater effluents from Tyr-3 and Tyr data. For BWE, we excluded one outlier for BOD-7 and two outliers for COD, thereby gaining increased R 2 values for the corresponding regression equations and allowing assessment of approximate values of BOD-7, DOC, and COD of BWE from Tyr-3, Tyr-3a, and UV-3 data.
TKN showed weaker correlations with ChrInd than with the conventional organic indicators. However, the regression equations between TKN-Tryp gained by excluding two outliers from greywater effluents and four outliers from BWE can be used to approximate TKN values from Tryp data.
Conclusion
Besides the current practice of measuring MW, our results show that HPLC-SEC can also be used to assess BOD and other conventional organic matter indicators (COD, DOC) of wastewater effluents. The TSK-GEL G3000SW silica gel column and Na-acetate eluent 0.02 M provided good separation of dissolved organic matter components from complex and less complex onsite wastewater effluents. The most important advantage of this method is that it gives us insight into Linear regression between conventional organic quality indicators and chromatographic fractions with which they best correlate. *One outlier excluded from regression; **two outliers excluded from regression; ***four outliers excluded from regression the composition of DOM by differentiating the major organic components in water samples as fractions rather than as sum parameters given by COD, BOD and DOC. Additional advantages are short analysis time and no use of harmful chemicals. A large part of wastewater fractions was eluted over the permeation volume, where secondary interactions with the column material predominated. The last two fractions, seen only in BWE, eluted at around 15 min and 19 min, were probably affected by strong attractive hydrophobic interaction. Multiple detection with UV254 absorption and tryptophanand tyrosine-like fluorescence showed well-separated regions in the chromatograms, which correlated with the conventional water quality indicators and could be used as their surrogates.
In the chromatograms, region 3 or parts of it (Tyr-3, Tyr-3a and UV254-3) described best the organic matter indicators (BOD-7, DOC and COD). The BOD-7 values of BWE and GWE correlated best with Tyr-3, that is, the sum of the fractions eluted after 8.25 min.
The regressions obtained from our data allow reliable assessment of the BOD-7 of GWE and approximation of the BOD-7 of BWE. This is an important finding, because an HPLC-SEC run of one sample requires only a 1/2 h as opposed to BOD-7 lasting for 7 days. DOC showed the best correlation with Tyr-3 for GWE and with Tyr-3a of fractions between 8.25 and 14 min for BWE. On the other hand, COD correlated best with Tyr (all tyrosine-type fractions) for GWE and with UV254-3 for BWE. The corresponding regression equations can be used to reliably calculate DOC and COD for GWE and to approximate them for BWE.
TKN correlated best with tryptophan-like fractions, but regression gave an R 2 value of 0.52 only for both types of wastewater, showing that Tryp (sum of all tryptophan-like fractions) could be used only to roughly estimate the TKN value of wastewater effluents.
